and partial coherence. To compensate for these effects, cryo-EM studies lies in the fact that they allow ribosomes we obtained scattering intensities using X-ray solution to be readily visualized in many different functional scattering measurements for E. coli ribosomes in the range up to 1/8 Å Ϫ1 , and applied a correction to the Fourier amplitudes up to the 1/11.5 Å Ϫ1 cutoff point
Introduction for a 0.5 cutoff (Bö ttcher et al., 1998). Although some useful information extends to 8.4 Å (3 criterion; Orlova The Escherichia coli 70S ribosome is a complex macroet al., 1997), its inclusion into the final map is not justified molecular assembly that consists of three rRNA moleas the signal-to-noise ratio falls below 1 (Malhotra et cules and over 50 proteins. To date, cryo-electron mial., 1998). In the reconstruction, Fourier amplitudes at croscopy (cryo-EM) has been the only viable approach higher spatial frequencies are always underrepresented to the study of its structure (Frank et al., 1995b ; Stark due to charging, instrument instabilities, specimen drift, et al., 1995; Malhotra et al., 1998). The importance of and partial coherence. To compensate for these effects, cryo-EM studies lies in the fact that they allow ribosomes we obtained scattering intensities using X-ray solution to be readily visualized in many different functional scattering measurements for E. coli ribosomes in the range up to 1/8 Å Ϫ1 , and applied a correction to the Fourier amplitudes up to the 1/11.5 Å Ϫ1 cutoff point
Connections of the tRNA with the 70S ribosome observed earlier (Malhotra et al., 1998) have become much more distinct. 
Secondary-Structure Elements

50S Subunit
Intersubunit Bridges Several intersubunit bridges were described earlier in Among easily distinguishable RNA helices is the one bearing the L1 protein ( Figure 6a ). In the fitting of SRL we used X-ray (S17, S20) were removed, the least-squares fitting was structures both from rat (Correll et al., 1998) and E. coli repeated. To evaluate the extent of any discrepancies, (Correll et al., 1999) . The latter gives a better fit due to a root-mean-square deviation (rmsd) was calculated bethe absence of one base pair in the flexible region and tween atomic coordinates of the model derived from a changed arrangement between stem and loop region. the X-ray map and the transformed coordinates of the Thus, the small structural differences observed in the fittings performed on the cryo-EM map. This overall X-ray maps of SRL fragments (Correll et al., 1999) can rmsd was 4.5 and 5.4 Å with two independent sets of also be identified in the context of the ribosome matrix.
fittings. In addition, an rmsd value was calculated for In locating L6 and L14, we were guided by the placeeach of the proteins and helices, which was decomment of Ban and coworkers (1999). Shape and features posed into two parts, attributed to translation and rotaof the L6 protein, which was slightly modified by Ban tion, respectively. and coworkers (1999), are recognizable in the surIn the case of the 50S subunit, the analysis described rounding stalk base densities (green in Figure 6a diffraction, and scanned on a Perkin Elmer PSD 1010A microdensiExplorer, the atomic coordinate files were converted into electron density maps by computing averaged densities within volume eletometer using a step size of 15 m, corresponding to 2.93 Å on the object scale. ments scale-matched to those of the EM map (2.93 Å ). Surface representations of these computed density maps were then used. Docking in O was done using a surface representation of the EM Image Processing map and direct visualization of atomic models imported from the Ribosomes were selected by a quasi-automated selection proce-PDB. dure (Lata et al., 1995) and by direct comparison of the particle candidates with the reference set of 83 projections (Penczek et al.,
